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(57) ABSTRACT

Epitopes localized on FNIII-8 repeat that are normally cryptic
but are unmasked by insertion of FNIII-B into the FN mol-
ecule and are recognized by specific ligands are described;
antibodies or their fragments able to identify the above said
Cepitope are also described.
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MONOCLONAL ANTIBODY AND ITS USE
FOR THE IDENTIFICATION OF THE
ONCOFETAL ISOFORM OF FIBRONECTIN
(B-FN) FOR DIAGNOSIS OR THERPAY

FIELD OF INVENTION

[0001] The present invention is referred to the field of diag-
nostics, in particular those that are capable of highly specific
identifications through murine monoclonal antibodies and
their conjugates.

STATE OF ART

[0002] Fibronectins (FNs) are adhesive and polymorphic
glycoproteins present in biological fluids and extracellular
matrices. These molecules are involved in several biological
processes, such as cellular morphology, cellular migration,
wound healing, angiogenic processes and neoplastic transfor-
mation. FN polymorphism is at least partially due to alterna-
tive splicing in three regions (IIICS, ED-A and FNIII-B) of
the pre m-RNA coded for by a single gene. In all processes of
tissue remodeling, both physiological (embryogenesis,
wound healing, proliferative phase of endometrium) or
pathological (for example, neoplasia), the pre-mRNA splic-
ing pattern of FN is altered and generates an augmented
expression of the isoforms containing the FNIII-B domain. In
particular, the FN isoforms containing the FNIII-B domain
(BFNss) are, with very rare exceptions, undetectable in normal
adult tissues but show a considerable expression in fetal tis-
sues, neoplastic tissues and tissues undergoing wound heal-
ing. Moreover, the accumulation of BFN around newly
formed blood vessels makes it an important angiogenic
marker (Carnemolla et al. 1989; Castellani et al. 1994; Cas-
tellani et al.2002).

[0003] Studies thus far have identified a single epitope
localized within the type III repeat 7 (FNIII-7) that, while
cryptic in FN molecules lacking the FNIII-B domain, is
unmasked when FNIII-B is inserted into the molecule and can
interact with specific ligands for BFN, i.e., antibodies, the
prototype of which is the mouse monoclonal antibody (mab)
BC-1.

[0004] The mab BC-1, specific for human BFN
(Carnemolla et al. 1989), has been extensively used to study
the distribution of BFN in angiogenic processes, in neo-
plasms and in different types of pathologies. This mab rec-
ognizes the epitope described above.

[0005] On the basis of the studies carried out with the
murine mab BC-1, it was demonstrated that BFN may be a
very good target for malignancies and for all angiogenesis-
associated pathologies. In light of the above, the need is clear
for mabs that can recognize new epitopes detectable only in
the oncofetal BFN isoform, and that can be generated in
substantial quantities and always on highly specific epitopes
and thereafter utilized as an additional means for novel thera-
peutics or diagnostics.

BRIEF DESCRIPTION OF FIGURES

[0006] FIG. 1 shows a model of the domain structure of a
human FN subunit and indicates the three types of homology
repeats (I, 11, I1I) that constitute FN and the structure of the
recombinant fragments of FN.

[0007] FIG. 2 shows the results of SDS-PAGE analysis of
plasma FN (pIFN, lane 1), FN derived from tumoral cell line
WI38-VA13 (WI38VAFN; lane 2) and the different recombi-
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nant FN fragments (lanes 3-9); the numbers on the left are the
molecular mass of the standards (ST).

[0008] FIG. 3: Reactivity of the purified C6 mab (according
to the invention) on ELISA test, with the recombinant FN
fragments listed in the insert.

[0009] FIG. 4: Results of Western Blot analysis using C6
and BC-1 mabs on FN purified from plasma (pIFN) and from
the conditioned medium of SV-40 transformed cells
(WI38VAFN) and on the indicated FN fragments.

[0010] FIG. 5: ¢cDNA coding sequences of the variable
regions VH and VLk of C6 mab.

[0011] FIG. 6: results of immunohistochemical experi-
ments on cryosections of human and murine neoplastic tis-
sues using the mabs C6 and BC-1 and L.19scFv, specific for
BFN.

[0012] FIG. 7: shows the results of immunohistochemical
experiments with the indicated antibodies specific for BFN
on serial sections of human mesothelioma, human squamous
cell lung carcinoma and human melanoma, and of some nor-
mal human tissues (lung, brain and lymph-node).

DETAILED DESCRIPTION OF THE INVENTION

[0013] The repeat FNIII-8 (FIG. 1) contains an epitope,
which, while normally cryptic, is unmasked by insertion in
the FN molecule of the repeat FNIII-B, thereby making it
accessible to specific ligands and enabling the identification
of the oncofetal BFN isoform.

[0014] Inparticular, the invention refers to an epitope, here-
inafter named C6, and to the murine monoclonal antibody
(hereinafter named C6 mab), which is able to specifically
recognize the above-mentioned epitope and hence the
oncofetal BFN isoform. The invention also refers to all con-
jugates and derivatives formed by the said antibody and drugs
or molecules able to act as diagnostic (e.g., radioactive iso-
topes, fluorescent substances, etc.) or therapeutic agents (e.g.,
radioactive isotopes, cytokines, chemotherapeutics, etc.) for
neoplasms and other pathologies where BFN is expressed, the
conjugation of the mab C6, subject of the invention, and the
aforementioned agents being achieved following procedures
normally used in this field for the preparation of similar
products.

Experimental Description

[0015] Generation and characterization of the mab C6 and
identification of'a new epitope in the FNIII-8 repeat, cryptic in
FN molecules lacking FNIII-B but available to the antibody
when FNIII-B is inserted in the FN molecules. FN was puri-
fied from human plasma and from the conditioned medium of
WI38-VA13 cells according to Zardi et al. (1980).

[0016] FN recombinant fragments were produced and puri-
fied according to Carnemolla et al. (1992).

[0017] Murine hybridoma was generated by fusing spleno-
cytes from immunized mice with murine myeloma SP2/
0Ag14 cells, following a procedure described by Zardi et al.
(1980).

[0018] ELISA was performed according to Carnemolla et
al. (1996). Immunohistochemistry on cryosections was per-
formed according to Castellani et al. (2002).

[0019] SDS-PAGE and Western Blotting were carried out
according to Zardi et al. (1987). In order to sequence the
variable regions of mab C6, total RNA was purified from C6
hybridoma cells and used as template to amplify the cDNA of
the VH and VL by RT-PCR with the following primers: 5'
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gatattgtgatgacccagtctecca 3' (VL forward); 5' tggatacagttggt-
geage 3' (VL, reverse); 5' aggtg(c)c(a)ctgeagg(c)agtet(a)gg 3'
(VH, forward); 5' ggccagtggatagac 3' (VH, reverse). The
resulting amplification products were sequenced.

[0020] Female Balb/C mice, aged 5-6 weeks, were immu-
nized following the protocol described by Zardi et al. (1980)
using the FNIII-7B89 recombinant fragment (FIGS. 1-2).
[0021] The hybridoma clones obtained by fusing the sple-
nocytes of the immunized mice and myeloma SP2/0Agl4
cells were tested by ELISA for reactivity with FNIII-7B89
and FNIII-789 fragments (FIGS. 1-2).

[0022] Clone C6 mab was chosen from among the clones
that produced antibodies positive for FNIII-7B89 and nega-
tive for FNIII-789 and was then expanded for purification and
characterization.

[0023] As reported in FIG. 4, C6 mab had a negative reac-
tivity with FN purified from human plasma (without FNIII-B)
and a positive reactivity with FN purified from the condi-
tioned medium of the SV-40 transformed human fibroblasts,
WI38-VA13, that release significant amounts of BFN into the
culture medium.

[0024] Results of ELISA experiments using purified C6
mab (FIG. 3) indicate that mab C6 does not react directly with
FNIII-B domain. In fact, the mab C6 does not react with
FNIII-789, but it does with FNIII-7B89; it does not react with
FNIII-7B, but it shows positivity with FNIII-B8 and also with
FNIII-8 alone. This demonstrates that the epitope is localized
in the FNIII-8 repeat. In keeping with the ELISA results
reported in FIG. 3, the results of the Western Blot analysis
shown in FIG. 4 indicate that while BC-1 mab reacts with the
FNIII-7B fragment, C6 mab reacts with FNIII-B8.

[0025] In ELISA experiments, C6 mab showed no cross-
reactivity with FNIII homology fragments of human TN-C
and FN that were tested. The sequence of the cDNAs coding
for the variable regions VH and VLk of the mab C6 are
reported in FIG. 5.

Immunohistochemical Analysis.

[0026] Immunohistochemical experiments on cryosections
of human normal and neoplastic tissues were carried out
using C6 mab; the results are reported in Table

TABLE 1

Immunohistochemical reactivity of C6 mAb on
cryostat sections of human tissues

human tumors tested mesothelioma positive
melanoma positive
lung carcinoma positive
glioblastoma positive
human normal tissues tested breast negative
heart negative
esophagus negative
muscle negative
thymus negative
spleen negative
thyroid negative
nerve negative
brain negative
testis negative
liver negative
lung negative
parotide negative
lymph-node negative
[0027] The staining pattern of C6 mab was compared with

that of BC-1 mab and I.19scFv (specific for FNIII-B) on serial
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sections of F9 murine teratocarcinoma , and SKMEL-28
human melanoma, both developed in SCID mice, and on
sections of a patient derived glioblastoma specimen (FIG. 6).
All three antibodies displayed a similar staining pattern on
human tumor sections (SKMFEL-28 and glioblastoma), while
only L19scFv stained the F9 murine tumor sections, as
expected, because FNIII-B sequence is identical in mouse
and human.

[0028] FIG. 7 reports the concordant results of immunohis-
tochemical experiments conducted with C6 mab, [19scFv
and BC-1 mab on serial sections of a patient-derived
mesothelioma specimen. Also shown are the results obtained
with C6 mab on cryosections of a patient-derived human
melanoma and of a squamous cell lung carcinoma specimens
and on sections obtained from normal human tissues (lung,
brain, lymph node).

[0029] As demonstrated by the results reported above, C6
mab is a new tool for both diagnostic and therapeutic
approaches to BFN-targeting, as well as for the continued
study of the possible biological functions of FN regions
unmasked by the insertion of FNIII-B.

1-8. (canceled)

9. An isolated peptide epitope which consists of an amino
acid sequence which is found in a fibronectin I1I-8 repeat,
wherein said peptide epitope is cryptic but is unmasked upon
insertion of fibronectin I1I-B into a fibronectin molecule.

10. An isolated antibody which binds specifically to a
peptide epitope which consists of an amino acid sequence
which is found in a fibronectin III-8 repeat, wherein said
peptide epitope is cryptic but is unmasked upon insertion of
fibronectin III-B into a fibronectin molecule, or a binding
fragment thereof.

11. The isolated antibody or binding fragment, or a binding
fragment thereof of claim 10, wherein said antibody is a
monoclonal antibody.

12. The isolated antibody or binding fragment of claim 10,
comprising a VH region encoded by SEQ ID NO: 5, and a
VL, region encoded by SEQ ID NO: 6.

13. Hybridoma cell line which produces the monoclonal
antibody of claim 11.

14. A conjugate of the isolated antibody or binding frag-
ment of claim 10 and a diagnostic or therapeutically active
molecule.

15. A conjugate of the isolated antibody or binding frag-
ment of claim 12 and a diagnostic or therapeutically active
molecule.

16. The conjugate of claim 14, wherein said diagnostic
molecule is a fluorescent molecule or a radioactive isotope.

17. The conjugate of claim 15, wherein said diagnostic
molecule is a fluorescent molecule or a radioactive isotope.

18. The conjugate of claim 14, wherein said therapeutically
active molecule is a radioactive isotope, a cytokine, or a
chemotherapeutic agent.

19. The conjugate of claim 15, wherein said therapeutically
active molecule is a radioactive isotope, a cytokine, or a
chemotherapeutic agent.

20. A method for determining a fibronectin isoform which
contains a fibronectin I1I-B domain, comprising contacting a
sample with the antibody or binding fragment of claim 10,
and determining binding as an indication of presence of said
fibronectin isoform.

21. The method of claim 20, wherein said sample is a
biological fluid.
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22. The method of claim 20, wherein said sample is a
tissue.

23. A method for treating a disorder characterized by
expression of a fibronectin isoform which includes a
fibronectin III-B domain, comprising administering an
amount of the isolated antibody or binding fragment of claim
10 to a subject in need thereof, in an amount sufficient to
alleviate said disorder.

24. A method for treating a disorder characterized by
expression of a fibronectin isoform which includes a
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fibronectin III-B domain, comprising administering an
amount of the conjugate of claim 14 to a subject in need
thereof, in an amount sufficient to alleviate said disorder.
25. The method of claim 23, wherein said disorder is a
neoplastic disorder.
26. The method of claim 24, wherein said disorder is a
neoplastic disorder.



